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DATA COMMUNICATION SYSTEM AND METHOD CAPABLE OF 
LIMITING EFFECTS OF CROSSTALK BY ADJUSTING 
TRANSCEIVER POWER LEVELS 

CROSS-REFERENCE TO RELATED APPLICATION 

This document claims priority to and the benefit of the filing date of copending 
and commonly assigned U.S. provisional patent application entitled "Data 
Communication System and Method Capable of Limiting Effects of Crosstalk by 
Adjusting Transceiver Power Levels," assigned serial number 60/433,489, and filed 
December 13, 2002, which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

[000 1 J The present invention generally relates to data communication techniques and, 

in particular, to a data communication system and method for adjusting transmission 
power levels of one or more transceivers in order to limit the effects of crosstalk for 
other transceivers communicating within the same binder or cable. 

RELATED ART 

[0002] In a typical telecommunication system, transceivers at a central office usually 

communicate over one or more communication connections, sometimes referred to as 
"subscriber lines," to remote transceivers, sometimes referred to as "customer 
transceivers," located at various customer premises. Network service providers 
strategically deploy multiple central offices in an effort to keep the lengths of the 
communication connections between the central office transceivers and the customer 
transceivers within a desirable or specified range. Moreover, as the demand for 
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network services increases, network service providers typically add more equipment at 
the central offices and/or add more central offices. 

In some situations, a network service provider will add a remote terminal, also 
referred to as an "intermediate terminal," which is often smaller than a central office. 
Transceivers at an intermediate terminal, like transceivers at a central office, 
communicate over one or more communication connections to transceivers located at 
various customer premises. However, as compared to central office transceivers, an 
intermediate terminal transceiver is typically located substantially closer to its 
corresponding customer premises transceiver. For example, transceivers at a central 
office often communicate with customer premises transceivers over distances up to 
approximately four miles, whereas transceivers at an intermediate terminal often 
communicate with customer premises transceivers over distances less than 
approximately two miles. 

In some instances, communication connections from an intermediate terminal 
are located within a close proximity of communication connections from a central 
office. For example, communication connections from an intermediate terminal may 
be bound within the same binder or cable as communication connections from a 
central office. In such instances, crosstalk from transceivers at the intermediate 
terminal may significantly interfere with signals transmitted by transceivers at the 
central office. 

In this regard, crosstalk from a transceiver at the intermediate terminal 
typically travels shorter distances and is, therefore, less attenuated than crosstalk from 
a transceiver at the central office. As a result, crosstalk from the transceiver at the 
intermediate terminal is often at a significantly higher power level than crosstalk from 
the transceiver at the central office. This higher power level for the crosstalk from the 
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intermediate terminal transceiver often exacerbates the adverse effects of crosstalk 
interference for the signals transmitted from the central office transceiver. In fact, 
crosstalk from the intermediate terminal transceiver may cause the signal-to-noise 
ratio of signals from the central office transceiver to fall below acceptable levels. 



SUMMARY OF THE INVENTION 

[0006] Generally, the present invention provides a system and method for adjusting 

transmission power levels of transceivers in order to reduce crosstalk. 

[0007] A system in accordance with an exemplary embodiment of the present 

invention utilizes a transmitter and logic. The transmitter is configured to transmit 
signals to a customer transceiver over a first communication connection that is bound 
within a binder. The logic is configured to estimate a distance of a data path between 
the transmitter and the customer transceiver based on at least one signal 
communicated over the data path. The logic is further configured to adjust a 
transmission power level of the transmitter based on the estimated distance such that 
signals transmitted by the transmitter to the customer transceiver are spectrally 
compatible with signals transmitted from another transceiver over a second 
communication connection that is bound within the binder. 

[0008] The present invention can also be viewed as a method for providing spectrum 

management in a data communication system having central office transceivers and 
intermediate terminal transceivers coupled through a feeder distribution interface to 
customer transceivers. The method can be broadly conceptualized by the following 
steps: automatically determining at least one distance between the transceivers and 
the feeder distribution interface; and automatically adjusting, based on the determined 
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distance, a transmission power of at least one of the intermediate terminal transceivers 
in order to maintain performance margins for the central office transceivers. 
[0009] Various features and advantages of the present invention will become 

apparent to one skilled in the art upon examination of the following detailed 
description, when read in conjunction with the accompanying drawings. It is intended 
that all such features and advantages be included herein within the scope of the 
present invention and protected by the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The invention can be better understood with reference to the following 

drawings. The elements of the drawings are not necessarily to scale relative to each 
other, emphasis instead being placed upon clearly illustrating the principles of the 
invention. Furthermore, like reference numerals designate corresponding parts 
throughout the several views. 
[001 1] FIG. 1 is a block diagram illustrating a communication system in accordance 

with the prior art. 

[0012] FIG. 2 is a block diagram illustrating a communication system in accordance 

with an exemplary embodiment of the present invention. 
[0013] FIG. 3 is a block diagram illustrating a more detailed view of an intermediate 

terminal transceiver depicted in FIG. 2. 
[0014] FIG. 4 is a block diagram illustrating an exemplary nomenclature for distances 

between transceivers and a feeder distribution interface, such as is depicted in FIG. 2. 
[0015] FIG. 5 is a diagram illustrating a set of exemplary tables that may be utilized 

for determining a suitable transmission power level of an intermediate terminal 

transceiver, such as is depicted in FIG. 2. 
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[0016] FIG. 6 is a diagram illustrating an exemplary table that may be utilized for 

determining a suitable transmission power level of an intermediate terminal 
transceiver, such as is depicted in FIG. 2. 

[0017] FIGS. 7A-7G depict entries comprising exemplary minimum power back-off 

values that may be utilized to determine a suitable transmission power level of an 
intermediate terminal transceiver for achieving spectral compatibility in accordance 
with current asymmetric digital subscriber line (ADSL) standards. 

[0018] FIG. 8 is a graph depicting curves derived from the data depicted by FIG. 7. 

[0019] FIG. 9 is a flow chart illustrating an exemplary architecture and functionality 

of a transceiver manager, such as is depicted in FIG. 3. 

[0020] FIG. 10 is a graph depicting exemplary minimum power back-off curves 

derived from the data depicted by FIG. 7. 

DETAILED DESCRIPTION 

[0021] The present invention generally pertains to a system and method for dynamically 

controlling transmission power levels of transceivers in order to ensure that specified 
transceiver performance margins are satisfied. In a preferred embodiment of the present 
invention, the distance between two transceivers engaged in a communication session is 
estimated during a training phase of a data communication session between the two 
transceivers. Based on the estimated distance, the transmission power level of at least 
one of the transceivers is dynamically adjusted in order to ensure that specified 
performance margins of other transceivers communicating within the same binder or 
cable are not violated due to crosstalk induced by the one transceiver. 
[0022] In particular, the transmission power level of the one transceiver is preferably 

adjusted such that the signals communicated by the one transceiver are "spectrally 
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compatible" with signals communicated by other transceivers within the same binder or 
cable. Note that whether or not a signal is "spectrally compatible" is typically defined 
by an agreed upon standard. For example, in North America, Tl .417-2001 Spectrum 
Management for Loop Transmission , referred to hereafter as "T 1.41 7," which is 
incorporated herein by reference, presently defines whether or not a signal is spectrally 
compatible with another signal communicated within the same binder or cable. Other 
standards define spectral compatibility for other types of communication, and it should 
be noted that standards for defining spectral compatibility may be changed over time. 

[0023] FIG. 1 depicts a conventional communication system 15 enabling 

communication with a network 18, such as the publicly switched telephone network 
(PSTN) or Internet, for example. As shown by FIG. 1, the system 15 comprises a 
central office 22. One or more central office transceivers 25 are located at the premises 
of the central office 22 and communicate with various remote transceivers 28, referred 
to as "customer transceivers," residing at one or more customer premises 3 1 . The 
central office transceivers 25 communicate with the customer transceivers 28 over 
multiple cables or binders 32a and 32b that are interconnected via a feeder distribution 
interface 33, as shown by FIG. 1 . Each cable 32a-32c depicted by FIG. 1 may comprise 
multiple communication connections (not specifically shown) separately insulated for 
allowing multiple signals to be simultaneously transmitted through the cable 32a-32c. 
Each such connection may comprise copper wires, sometimes referred to as a "twisted 
pair," or some other type of known or future-developed transmission medium. 

[0024] During operation, signals from the network 1 8 may be routed to the central 

office transceivers 25, which communicate the signals to the customer transceivers 28 
via known techniques. Signals transmitted from the customer transceivers 28 may be 
received by the central office transceivers 25, which pass such signals to the network 18. 

6 



TKHR Docket No. 710101-1060 

The network 18 then routes the signals to their appropriate destinations, which may be 
other transceivers (not specifically shown) serviced by other central offices (not 
specifically shown). 

[0025] In an effort to satisfy increasing demand by customers, a network service 

provider may construct an intermediate terminal 36 and install one or more intermediate 
terminal transceivers 38 at the premises of the intermediate terminal 36. Similar to the 
central office transceivers 25, the intermediate terminal transceivers 38 may 
communicate with one or more of the customer transceivers 28 over multiple cables or 
binders 32b and 32c that are interconnected via the feeder distribution interface 33. 

[0026] Moreover, it is common for signals from both the central office transceivers 25 

and the intermediate terminal transceivers 38 to be communicated or propagated through 
the same cable at the far-end of a subscriber line. More specifically, it is common for 
signals transmitted from one or more of the central office transceivers 25 and from one 
or more of the intermediate terminal transceivers 38 to be simultaneously communicated 
through cable 32b. As a result, far-end crosstalk (FEXT) may occur within the 
foregoing cable 32b. Such crosstalk generally degrades the signal-to-noise ratios of 
signals transmitted from the intermediate terminal transceivers 38 and the central office 
transceivers 25. Typically, for at least the reasons set forth below, the effects of such 
crosstalk are more pronounced for the signals transmitted from the central office 
transceivers 25 than for the intermediate terminal transceivers 38. 

[0027] In this regard, the intermediate terminal 36 and, therefore, the intermediate 

terminal transceivers 38 are typically located closer to the customer transceivers 28 
shown by FIG. 1 than the central office 22 and, therefore, the central office transceivers 
25. As a result, a signal transmitted from a customer transceiver 38 typically exhibits a 
higher power level within the cable 32b than a signal transmitted from a central office 
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transceiver 28. Thus, crosstalk noise is generally more significant for the signals 
transmitted from the central office transceivers 25 than for the signals transmitted from 
the intermediate terminal transceivers 38. Indeed, in some circumstances, crosstalk 
noise induced by one or more of the intermediate terminal transceivers 38 may cause the 
signal-to-noise ratio for one or more of the signals transmitted from the central office 
transceivers 25 to fall below acceptable levels. As a result, one or more of the central 
office transceivers 25 may be unable to communicate at or above a specified minimum 
data rate, as defined by an applicable standard, such as Tl .417, for example. In such a 
situation, the signals communicated by the one or more intermediate terminal 
transceivers 38 are not spectrally compatible with the signals communicated by the one 
or more central office transceivers 25. 

[0028] A system in accordance with a preferred embodiment of the present invention 

provides dynamic adjusting of an intermediate terminal transceiver's transmission power 
level in an effort to make the transceiver's signals spectrally compatible with the signals 
of other transceivers communicating within the same binder or cable. In this regard, 
FIG. 2 depicts a communication system 50 in accordance with a preferred embodiment 
of the present invention. Similar to the conventional system 15 depicted by FIG. 1, the 
system 50 comprises a central office 22 and an intermediate terminal 54 having 
transceivers 25 and 58, respectively, that communicate with various customer 
transceivers 28 residing at one or more customer premises 31. 

[0029] The intermediate terminal 54 and its transceivers 58 are preferably located 

significantly closer to the customer transceivers 28 than the central office 22. For 
example, the central office 22 may be located up to approximately four miles from the 
customer transceivers 28, whereas the intermediate terminal 54 may be located any 
distance up to approximately two miles from the customer transceivers 28. Note that 
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other distances from the customer transceivers 28 for the central office 22 and the 
intermediate terminal 54 are possible for other embodiments. 

[0030] Similar to the embodiment shown by FIG. 1, each of the central office 

transceivers 25 of FIG. 2 may be coupled to and communicate data with one or more 
customer transceivers 28, and each of the intermediate terminal transceivers 58 also may 
be coupled to and communicate data with one or more customer transceivers 28. 
Signals transmitted by the customer transceivers 28 and received by a transceiver 25 or 
58 may be passed to the network 1 8. Such signals may then be routed to one or more 
transceivers (not specifically shown) serviced by another central office or intermediate 
terminal (not specifically shown). 

[0031] In addition, the network 18 may route, to the central office 22, signals destined 

for any of the customer transceivers 28 coupled to a central office transceiver 25, and the 
network 1 8 may route, to the intermediate terminal 54, signals destined for any of the 
customer transceivers 28 coupled to an intermediate terminal transceiver 58. When the 
central office 22 receives a signal destined for one of the customer transceivers 28, the 
central office transceiver 25 coupled to such customer transceiver 28 transmits the signal 
to the customer transceiver 28. Similarly, when the intermediate terminal 54 receives a 
signal destined for one of the customer transceivers 28, the intermediate terminal 
transceiver 58 coupled to such customer transceiver 28 transmits the signal to the 
customer transceiver 28. 

[0032] In an effort to prevent the signal-to-noise ratios for the signals transmitted by the 

central office transceivers 25 from falling below acceptable or specified levels, the 
intermediate terminal transceivers 58 of the preferred embodiment automatically adjust 
their transmission power levels based, in part, on the lengths of the data paths defined by 
the cables 32a-32c. As an example, if T 1.4 17 is the applicable standard, then a distance 
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that may be used to determine, in part, the transmission power level of an intermediate 
terminal transceiver 58 may be the equivalent 26 AWG distance as denned in Tl .41 7. 
Exemplary techniques for controlling the transmission power levels of the intermediate 
terminal transceivers 58 will be described in more detail hereinbelow. 
[0033] FIG. 3 illustrates a more detailed view of an intermediate terminal transceiver 58 

in accordance with the preferred embodiment of the present invention. As can be seen 
by referring to FIG. 3, the transceiver 58 comprises a transmitter (TX) 62 and a receiver 
(RX) 64 for respectively transmitting and receiving signals over a connection within 
cable 32c. The transceiver 58 also comprises a transceiver manager 66 for controlling 
the operation of the transceiver 58. The transceiver manager 66 may be implemented in 
hardware, software, or any combination thereof. Note that when at least a portion of the 
transceiver manager 66 is implemented in software, the transceiver 58 may include a 
processing element (not shown), such as a digital signal processor or a central 
processing unit, for executing the software of the transceiver manager 66. In addition, 
any software portion of the transceiver manager 66 may be stored on a computer- 
readable medium. 

[0034] In the context of this document, a "computer-readable medium" can be any 

means that can contain, store, communicate, propagate, or transport a program for use 
by or in connection with an instruction execution system, apparatus, or device. The 
computer readable-medium can be, for example but not limited to, an electronic, 
magnetic, optical, electromagnetic, infrared, or semiconductor system, apparatus, 
device, or propagation medium. Note that the computer-readable medium could even 
be paper or another suitable medium upon which the program is printed, as the 
program can be electronically captured, via for instance optical scanning of the paper 
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or other medium, then compiled, interpreted or otherwise processed in a suitable 
manner if necessary, and then stored in a computer memory. 

[0035] The customer transceiver 58 of FIG. 3 preferably comprises memory 71 for 

storing transmission power data 74 and transceiver distance data 76, which will be 
discussed in more detail hereinbelow. Note that any portion of the transceiver manager 
66 implemented in software can be stored in the memory 71, if desired. Furthermore, 
the transceiver 58 of FIG. 3 may comprise a user input interface 83, such as a keypad, 
for example, for enabling user to manually input data into the transceiver 58, and the 
transceiver 58 also may comprise a user output device 85, such as one or more light 
emitting diodes (LEDs) or a liquid crystal display (LCD), for example, for enabling the 
transceiver 58 to output information to a user. The transceiver 58 may also comprise a 
data communication port 89 for enabling the transceiver 58 to receive data from one or 
more devices external to the transceiver 58. 

[0036] When a communication session between the intermediate terminal transceiver 

58 of FIG. 3 and a customer transceiver 28 (FIG. 2) is invoked, the transceiver manager 
66 of the intermediate terminal transceiver 58 is preferably configured to estimate the 
approximate distance, referred to hereafter as "D" (FIG. 4), of the data path between the 
transceiver 58 and the customer transceiver 28 during a training phase of the invoked 
communication session. Various known or future-developed techniques for estimating 
the distance between two communicating transceivers may be employed by the 
transceiver manager 66 in order to derive distance "D." 

[0037] As an example, the customer transceiver 28 may be configured to transmit, 

during training, a signal at a predefined power level, which is known by the transceiver 
manager 66. This signal may be received by the transceiver 58, and the transceiver 
manager 66 may measure the power level of the received signal. Based on the 

11 



TKHR Docket No. 710101-1060 

difference of the power level of the signal, as transmitted by the customer transceiver 28, 
and the power level of the signal, as received by the intermediate terminal transceiver 
58, the transceiver manager 66 may estimate the approximate distance between the 
transceivers 28 and 58. Such techniques for determining the distance between two 
transceivers are generally well-known in the art. However, it should be noted that other 
types of techniques for estimating the distance "D" may be employed without departing 
from the principles of the present invention. 
[0038] Based on the estimated distance "D" between the intermediate terminal 

transceiver 58 and the customer transceiver 28, the transceiver manager 66 preferably 
determines a transmission power level for the transceiver 58. More specifically, the 
transceiver manager 66, based on the estimated distance "D," adjusts the transmission 
power level of the transceiver 58 such that the signals transmitted by the transceiver 58 
are spectrally compatible, as defined by the applicable standard. For example, if the 
transceiver 58 is configured to communicate within North America, then the transceiver 
manager 66 preferably causes the transceiver 58 to communicate at a power level that is 
spectrally compatible, as defined by the applicable North American standard {e.g., 
T1.417). 

[0039] In this regard, the applicable standard normally specifies a minimum signal-to- 

noise ratio for the signals communicated according to the standard. If a first transceiver 
induces a level of crosstalk that causes the signal-to-noise ratio of another transceiver to 
fall below an acceptable level, as defined by the applicable standard, then the first 
transceiver is not considered to be "spectrally compatible." Note that methods other 
than using a signal-to-noise ratio for defining spectral compatibility, such as for 
example, known power spectral density (PSD) mask based methods, may be used 
without departing from the principles of the present invention. 
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[0040] Thus, in order to ensure that the signals transmitted by the intermediate terminal 

transceiver 58 are spectrally compatible, the transceiver manager 66 may be configured 
to adjust (e.g., reduce) the transmission power level of the transceiver 58 such that the 
crosstalk induced by the transceiver 58 does not cause the signal-to-noise ratios of the 
signals transmitted by the central office transceivers 25 to fall below acceptable levels, 
as defined by the applicable standard. Since crosstalk induced by the intermediate 
terminal transceiver 58 is usually less attenuated than the crosstalk induced by the 
central office transceivers 25, the transceiver manager 66 may be configured to cause the 
transceiver 58 to transmit signals at a reduced power level in order to ensure that such 
signals are spectrally compatible. 

[0041] In this regard, after estimating distance "D" during the training phase of a 

communication session with a customer transceiver 28, the transceiver manager 66 
preferably determines whether or not signals transmitted by the transceiver 58 are 
spectrally compatible when the transceiver 58 is transmitting at its normal or default 
transmission power level. If such signals are not spectrally compatible, then the 
transceiver manager 66 preferably reduces the transmission power level of the 
transceiver 58 until the signals transmitted by the transceiver 58 are spectrally 
compatible. 

[0042] Note that it is possible to compute whether the signals transmitted by the 

transceiver 58 at a given transmission power level are spectrally compatible with signals 
transmitted from a central office transceiver within the same binder or cable when the 
following distances are known: (1) the approximate distance from the intermediate 
terminal 54 to the FDI 33, (2) the approximate distance from the central office 22 to the 
FDI 33, and (3) the approximate distance from the FDI 33 to the customer transceiver 28 
that is in communication with the intermediate terminal transceiver 58. For illustrative 



TKHR Docket No. 710101-1060 

purposes, the foregoing distances are labeled "A," "B," and "C," respectively, in FIG. 4. 
Note that, for the purposes of determining whether an intermediate terminal transceiver 
58 is spectrally compatible, it is preferably assumed that the customer transceiver 28 in 
communication with the intermediate terminal transceiver 58 and the customer 
transceivers 28 in communication with central office transceivers 25 are collocated {i.e., 
located the same distance from the FDI 33). 

[0043] Moreover, during operation, the central office 22, FDI 33, and intermediate 

terminal 58 are stationary, and the distances "A" and "B" are constants. Therefore, the 
distances between these locations can be estimated and then input to the transceiver 58. 
Note that the transceiver distance data 76 of FIG. 3 preferably comprises values 
indicative of the estimated distances "A" and "B." Estimating the distance "C" (i.e., the 
distance between the FDI 33 and the customer transceiver 28), on the other hand, is 
more problematic as this distance depends on which of the transceivers 28 is in 
communication with the intermediate terminal transceiver 58. 

[0044] However, as set forth above, the transceiver 58 may estimate the distance "D" 

between it and the customer transceiver 28 during a training phase, and the transceiver 
manager 66 may subtract the distance "A" from the distance "D" in order to determine 
the distance "C." Therefore, after estimating "D" during the training phase, as described 
above, the transceiver manager 66 has sufficient information in order to determine 
whether the signals transmitted by the transceiver 58 are spectrally compatible. 

[0045] It should be noted that there are various methodologies that may be employed by 

the transceiver manager 66 to ensure that the transmission power level of the transceiver 
58 is spectrally compatible. Various exemplary techniques for testing the spectral 
compatibility of the signals transmitted by the transceiver 58 will now be described 
hereinbelow. 
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0046] In a first embodiment, the transceiver manager 66 may be configured to calculate 

a maximum spectrally compatible power value for the transceiver 58 based on the 
estimated distances "A," "B," and "C." The "maximum spectrally compatible power 
value" refers to a value indicative of the maximum transmission power level at which 
the signals transmitted by the transceiver 58 are spectrally compatible with the signals 
transmitted from the central office transceivers 25 over the same cable 32b. If the 
default transmission power level of the transceiver 58 exceeds the level indicated by the 
calculated maximum spectrally compatible power value, then the transceiver manager 
66 reduces the transmission power level of the transceiver 58 to a level at or below the 
level indicated by the maximum spectrally compatible power value. 

[0047] Note that, for simplicity, the transmission power level may be reduced equally 

for all frequencies within the transmission band of the transceiver 58. However, such a 
feature is not necessary for implementing the present invention. Indeed, in other 
embodiments, the power level reduction algorithm employed to reduce the transmission 
power level to achieve spectral compatibility, as described herein, may adjust the 
transmission power levels of different frequency ranges by different amounts. For 
example, if the transmission bands of the intermediate terminal transceivers 58 and the 
central office transceivers 25 are not identical, then it is possible to achieve spectral 
compatibility by adjusting the transmission power levels of the intermediate terminal 
transceivers 58 within bands that overlap with the transmission bands of the central 
office transceivers 25. Also, improved intermediate terminal performance may be 
achieved by using transmit power levels which vary with frequency according to the 
crosstalk coupling function and loop loss function. 

[0048] In addition, it is not necessary for the transceiver manager 66 to calculate the 

maximum spectrally compatible power value. For example, in other embodiments, the 
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maximum spectrally compatible power value may be predetermined (e.g., previously 
calculated), and data indicative of the maximum spectrally compatible power value for 
various possible combinations of distances "A," "B," and "C" may be stored in the 
transceiver's memory 71 as transmission power data 74. Such data 74 may be in the 
form of a look-up table or some other suitable form whereby the transceiver manager 66 
can retrieve the appropriate maximum spectrally compatible power value based on the 
actual estimated distances "A," "B," and "C." 

[0049] As an example, the power transmission data 74 may comprise a value indicative 

of the maximum transmission power level for each combination of distances "A," "B," 
and "C" defined by the data 74. Each such value may be stored in an entry of the data 
74 along with its corresponding combination of distances "A," "B," and "C." The 
combination of distances in each entry may serve as a key for retrieving the appropriate 
maximum transmission power value. Thus, after determining or estimating distances 
"A," "B," and "C," the transceiver manager 66 may simply retrieve the appropriate 
maximum spectrally compatible power value from the transmission power data 74 and 
reduce the transmission power level of the transceiver 58 such that it does not exceed the 
maximum spectrally compatible power level indicated by the value retrieved from 
memory. Note that if the actual estimated distances "A," "B," and "C" do not precisely 
correspond to the distance values of a single entry, the maximum spectrally compatible 
power level values may be interpolated from multiple entries. 

[0050] In another example, each entry of the power transmission data 74 may comprise 

a "minimum power back-off value" rather than a maximum spectrally compatible power 
level value. The minimum power back-off value preferably corresponds a minimum 
amount that the default power level of the transceiver 58 is to be reduced in order to 
achieve spectral compatibility for the signals transmitted by the transceiver 58. Thus, 
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after determining distances "A," "B," and "C," the transceiver manager 66 may retrieve 
the appropriate minimum power back-off value (using the determined distances "A," 
"B," and "C" as a key) and, based on the retrieved value, reduce the power transmission 
level of the transceiver 58 such that the signals transmitted by the transceiver 58 are 
spectrally compatible with the signals transmitted from the central office transceiver 25. 

[0051] To facilitate the look-up process, the entries of the transmission power data 74 

may be grouped into various tables. FIG. 5 depicts an embodiment where the 
transmission power data 74 is comprised of a plurality of tables 1 12, in which each table 
112 corresponds to a particular distance "A" {i.e., the distance between the intermediate 
terminal transceiver 58 and the FDI 33). As shown by FIG. 5, each table 1 12 comprises 
a plurality of entries, and each of the entries has values indicative of different 
combinations of the other distances "B" and "C." Each entry also stores a value 
indicative of the minimum power back-off that is required to achieve spectral 
compatibility when the configuration of the system 50 corresponds to the combination 
of distances "A," "B," and "C" associated with the entry. Such values are represented in 
FIG. 5 as values a ' through q '. 

[0052] As an example, assume that the distances "A," "B," and "C" are estimated to be 

1000 feet, 1000 feet, and 6000 feet, respectively, and assume that the minimum power 
back-off for the transceiver 58, in such a configuration, is 12.98 decibels (dB). In such 
an example, value k' of entry "11" of the table 1 12 corresponding to A = 1000 feet is 
preferably 12.98. Thus, the transceiver manager 66, in such an example, may identify 
the foregoing entry based on the estimated distances "A," "B," and "C" and then utilize 
the minimum power back-off value (i.e., value k 1 ) in this entry to reduce the power level 
of transceiver 58 by a corresponding amount such that the transceiver 58 is spectrally 
compatible during its communication with the customer transceiver 28. 
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[0053] Note that if the estimated distances "A," "B," and/or "C" do not precisely 

correspond to the distance values of the tables 1 12, then the transceiver manager 66 may 
interpolate the minimum power back-off value based on a plurality of minimum power- 
back off levels stored in the tables 1 12. For example, if the estimated distances "A," 
"B," and "C" are 1000 feet, 1000 feet, and 5500 feet, respectively, then the transceiver 
manager 66 may interpolate a minimum power back-off value from the minimum power 
back-off values {i.e., back-off values / and k') stored in entries "10" and "1 1" of the 
table 112 corresponding to A = 1000 feet. Alternatively, the transceiver manager 66 
may select one of the closest matching entries "10" or "1 1," and utilize the minimum 
power back-off value of the selected entry. In such an embodiment, the transceiver 
manager 66 preferably selects the entry with the highest minimum power back-off value 
to ensure that spectral compatibility is indeed achieved. 

[0054] In another example, the estimated distance "A" may fall between two tables 1 12. 

As an example, the estimated distance "A" maybe 750 feet, and the two closest 
matching tables 112 may correspond to 500 feet and 1000 feet respectively. In such an 
example, the transceiver manager 66 may determine a minimum power back-off value 
from the 500 feet table and a minimum power back-off value from the 1000 feet table 
and then interpolate a final minimum power back-off value. Alternatively, the 
transceiver manager 66 may select one of the minimum power back-off values 
determined from one of the two tables. In such an embodiment, the transceiver manager 
66 preferably selects the higher of the two minimum power-back off values in order to 
ensure that spectral compatibility is indeed achieved. 

[0055] Note that it is possible for each of the tables 1 12 to correspond with a particular 

value of "B" or "C" rather than for a particular value for "A." For example, each 
different table 1 12 may correspond to a different value of "B." In such an example, the 
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key data of each entry may comprise values indicative of a different combination of "A" 
and "C." 

[0056] In yet another embodiment, the transceiver manager 66 may be configured to 

calculate a new minimum power back-off value from the minimum power back-off 
value determined from one of the tables 112. For example, the transmission power data 
74 may comprise a table 1 12, such as depicted in FIG. 6, that stores the minimum power 
back-off values a" through q" for a transceiver 58 assuming that the transceiver 58 is 
located at the FDI 33 {i.e., "A" equals zero). If desired, the transceiver manager 66 may 
be configured to reduce the transmission power level of the transceiver 58 by an amount 
corresponding to the minimum power back-off value determined, based on the estimated 
values of "B" and "C," from the foregoing table 1 12. 

[0057] However, since the transceiver 58 is actually located at the intermediate terminal 

58 rather than the FDI 33 (i.e., since "A" is actually greater than zero), the power back- 
off implemented by the transceiver manager 66 is greater than what is required to 
achieve spectral compatibility. In other words, utilizing the power back-off values 
determined from the table 112 of FIG. 6 ensures spectral compatibility but causes the 
transceiver manager 66 to reduce the transmission power level of the transceiver 58 to a 
level lower than what is required for spectral compatibility. As a result, the signal-to- 
noise ratio of the signals communicated by the transceiver 58 may not be optimized. 

[0058] To help improve the performance of the intermediate terminal transceiver 58, the 

transceiver manager 66 may be configured to calculate a new minimum power back-off 
value from the minimum power back-off value determined from the table 112 of FIG. 6. 
In this regard, the transceiver manager 66 may be configured to determine a value, 
referred to hereafter as the "attenuation value," indicative of the approximate amount of 
attenuation that occurs between the transceiver 58 and the FDI 33. Such an amount of 
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attenuation is preferably based on the distance "A." Note that the transceiver manager 
66 may be configured to calculate the attenuation value based on the distance "A" 
indicated by the transceiver distance data 26, or the attenuation value may be 
predetermined and simply stored in the memory 71. Moreover, the transceiver manager 
66 may be configured to subtract the attenuation value from the minimum power back- 
off value determined from the table 112 of FIG. 6 in order to calculate the new 
minimum power back-off value. Note that if the attenuation value is greater than the 
minimum power back-off value determined from the table 112, then the new minimum 
power back-off value is preferably set to zero. 
[0059] After calculating the new minimum power back-off value, the transceiver 

manager 66 may be configured to reduce the transmission power level of the transceiver 
58 by an amount corresponding to the new minimum power back-off value. Reducing 
the minimum power back-off value in the foregoing manner helps the transceiver 58 to 
communicate signals at higher power levels while ensuring that the signals remain 
spectrally compatible with the signals transmitted over cable 32b from the central office 
transceivers 25. 

[0060] According to the techniques described above, the value "C" may be estimated 

. during the training phase of a data communication session between the intermediate 
terminal transceiver 58 and a customer transceiver 28. Further, the values of "A" and 
"B" may be predetermined and stored in the memory 71 (FIG. 3). These values may be 
manually input into the transceiver 58 via user input interface 83, if desired. However, a 
more efficient approach may be to automatically provide such values to multiple ones of 
the transceivers 58 residing at the intermediate terminal 54 via a communication device 
125 located external to the transceivers 58. The communication device 125 may be 
located at the intermediate terminal 54, as shown by FIG. 2, or the device 125 may be 
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located elsewhere. If the communication device 125 is located elsewhere, it maybe 
desirable for the device 125 to communicate with the intermediate terminal. transceivers 
58 over network 18. 

[0061] As shown by FIG. 3, the communication device 125 preferably stores data 76 

indicative of at least the approximate distances "A" and "B" and transmits this data 76 
to one or more transceivers 58 when such transceivers 58 are installed at the 
intermediate terminal 54. For example, upon installation of a transceiver 58 at the 
intermediate terminal 54, the transceiver manager 66 of the transceiver 58 may be 
configured to read data from the communication device 125 to determine whether or not 
the transceiver 58 is located at an intermediate terminal 54. In embodiments when the 
transceiver 58, unlike FIG. 2, is not actually located at an intermediate terminal but is 
rather located at a central office 22, for example, the transceiver manager 66 may cause 
the transceiver 58 to communicate with customer transceivers 28 according to its default 
transmission power, level. However, if the transceiver manager 66 determines that the 
transceiver 58 has been installed at an intermediate terminal 54, as shown by FIG. 2, 
then the transceiver manager 66 preferably adjusts the transmission power level of the 
transceiver 58 during communication sessions with customer transceivers 28, according 
to the techniques described hereinabove. Further, in such an embodiment, the 
transceiver manager 66 may read the values of "A" and "B" from the data 76 stored in 
the communication device 125. 

[0062] Note that the communication device 125 may be configured to determine when a 

new transceiver 58 is installed at the intermediate terminal 54 and to automatically 
transmit the data 76 stored therein to the newly installed transceiver 58. Alternatively, 
the transceiver manager 66 may be configured to request or query the data 76 stored in 
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the communication device 125, and the communication device 125 may be configured 
to transmit such data 76 in response to the request or query. 

[0063] In any event, it is possible to configure the communication device 125 and the 

transceivers 58 such that the data 76 maintained by the communication device 125 is 
automatically communicated to the intermediate terminal transceivers 58 after such 
transceivers 58 are installed at the intermediate terminal 54. Note that "installation" of a 
transceiver 58 generally refers to the process of placing the transceiver 58 at the 
intermediate terminal 54 and performing any necessary steps to enable the transceiver 58 
to communicate via cable 32c and to communicate with the communication device 125 
and/or network 18. Such steps may comprise interconnecting the transceiver 58 with 
one or more connections from the cable 32c and/or the communication device 125. 
However, it is possible for the communication between the device 125 and the 
transceiver 58 to be wireless, in which case no further steps, other than perhaps placing 
the transceiver 58 within a communication range of the device 125, may be necessary 
for enabling communication between the transceiver 58 and the device 125. 

[0064] It should be noted that the entries of the tables 112 referred to above have been 

described as storing minimum power back-off values or maximum spectrally compatible 
transmit power values. However, in other embodiments, the entries may store other 
types of values indicative of how the transmission power level of the transceiver 58 is to 
be adjusted in order to achieve spectral compatibility. 

[0065] Furthermore, it should be noted that the techniques described above for ensuring 

spectral compatibility between the intermediate terminal transceivers 58 and central 
office transceivers 28 are presented for illustrative purposes. Indeed, it should be 
apparent to one of ordinary skill in the art, upon reading this disclosure, that various 
other techniques may be employed to ensure spectral compatibility between the 
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intermediate terminal transceivers 58 and the central office transceivers 25 based on an 
estimated distance between the intermediate terminal transceivers 58 and at least one 
customer transceiver 28. 

[0066] It should be further noted that some of the functionality described hereinabove as 

being performed by the transceiver manager 66 may be performed by logic (not 
specifically shown) external to the intermediate terminal transceiver 58, if desired. For 
example, the customer transceiver 28 in communication with the transceiver 58 may be 
configured to estimate the approximate distance "D" between the transceivers 28 and 
58. After estimating the distance "D," the customer transceiver 28 may transmit, to the 
intermediate terminal transceiver 58, data indicative of the estimated distance "D." 
Further, if desired, the customer transceiver 28 may be configured to determine the 
proper amount of power back-off for the transceiver 58 and to transmit data indicative of 
this back-off amount to the transceiver 58. Thus, the customer transceiver 28, rather 
than the intermediate terminal transceiver 58, may estimate the distance "D" and/or 
determine the amount of power back-off to be implemented by the transceiver 58. 
Various other functionality may be performed by the customer transceiver 28 as well. 



OPERATION 

[0067] An exemplary use and operation of the communication system 50 and 

associated methodology are described hereafter. 

[0068] For illustrative purposes, assume that the transceiver 58 shown by FIG. 3 is an 

asymmetric digital subscriber line (ADSL) transceiver configured to comply with 
T1.417. Further assume that the default transmission level of the transceiver 58 of 
FIG. 3 complies with ITU Standard G.992.1. Furthermore, assume that the 
transmission power data 74 stored within the transceiver 58 comprises a table storing 
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a plurality of minimum power back-off values. Each such value is preferably stored 
within an entry along with key data indicative of a unique combination of "B" and "C" 
distances. Moreover, each of the minimum power back-off values preferably 
represents the approximate minimum amount that the default transmission power 
level of transceiver 58 is to be reduced in order for the transceiver 58 to be spectrally 
compatible, as defined by Tl .41 7, if it is assumed that the distance "A" equals zero. 

[0069] FIGS. 7A-7G depict an exemplary table 132, as described above. Note that 

FIG. 8 depicts a graphical illustration of the data contained in the table 132. In this 
regard, each of the entries of the table 132 forms a data point plotted in the graph 
depicted by FIG. 8, and the data points derived from entries having data indicative of 
the same value for "B" are interconnected in FIG. 8. 

[0070] The communication device 125 preferably stores data 76 that indicates the 

distances "A" and "B," and once the transceiver 58 is installed at the intermediate 
terminal 54, the transceiver manager 66 preferably reads and stores, within memory 
71, the foregoing data 76, as shown by block 152 of FIG. 9. At some point, a 
communication session is initiated between the intermediate terminal transceiver 58 
and a customer transceiver 28. When this occurs the transceivers 28 and 58 enter into 
a training phase that is followed by a subsequent data phase. During the training 
phase, training signals are communicated between the transceivers 28 and 58, and 
based on these training signals, the transceiver manager 66 of transceiver 58 estimates 
the distance "D" between the two transceivers 28 and 58, as shown by blocks 155-157 
of FIG. 9. Note that during this training phase, the transceiver 58 preferably transmits 
signals at the default power level. 

[0071] By subtracting the distance "A," as defined by the data 76 from the 

communication device 125, from the estimated distance "D," a value indicative of the 
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distance "C" is calculated by the transceiver manager 66 in block 161. The values 
"A," "B," and "C" are then utilized by the transceiver manager 66 to determine a 
minimum power back-off value in block 165. In this regard, utilizing the values "B" 
and "B+C" as keys, the transceiver manager 66 Iooks-up or otherwise determines a 
minimum power back-off value from the table 132. This value preferably represents 
the approximate minimum amount that the transmission power of the transceiver 58 is 
to be reduced to ensure spectral compatibility, if it is assumed that "A" equals zero 
(i.e., if it is assumed that the transceiver 58 is residing at or close to the FDI 33). As 
previously described above, the transceiver manager 66 may perform interpolation or 
other similar techniques for determining the minimum power back-off value if one of 
the entries does not precisely correspond to the "B" and "B+C" values estimated by or 
provided to the transceiver 58. 

[0072] After retrieving the minimum power back-off value, the transceiver manager 

66 preferably reduces, based on the distance "A," the retrieved minimum power back- 
off value in order to generate a new minimum power back-off value. The amount of 
reduction preferably corresponds to an amount of attenuation that signals transmitted 
by the transceiver 58 experience between the intermediate terminal 54 and the FDI 33. 
Thus, the new minimum power back-off value preferably represents the approximate 
minimum amount that the transmission power of the transceiver 58 is to be reduced 
from the default power level to ensure spectral compatibility with the signals 
transmitted from the central office transceivers 25. 

[0073] In block 168, the transceiver manager 66 reduces the transmission power level 

of the transceiver 58 by an amount corresponding to the new minimum power back- 
off value determined in block 165. Therefore, each signal transmitted by the 
transceiver 58 subsequent to block 168 is preferably transmitted at the reduced power 
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level rather than at the default power level, thereby ensuring that the signals 
subsequently transmitted by the transceiver 58 in the data phase of the communication 
session are spectrally compatible. In this regard, by transmitting signals at the reduced 
power level, the transceiver 58 ensures that crosstalk induced by such signals do not 
cause the signal-to-noise ratios of signals transmitted from the central office 22 to fall 
below a specified level. 

[0074] As shown by blocks 173-175, the data phase of the communication session is 

preferably initiated once the transmission power level has been adjusted via block 
168, and the current communication session between the transceivers 28 and 58 is 
terminated upon completion of the data phase. After terminating the current 
communication session, the transceiver 58 may establish a new communication 
session with a different customer transceiver 28 and repeat the aforedescribed process 
of adjusting the transmission power level of the transceiver 58 based, in part, on an 
estimated distance between the transceiver 58 and the new customer transceiver 28. 
Moreover, by implementing the aforedescribed techniques, the transceiver manager 66 
ensures that the signals transmitted by the intermediate terminal transceiver 58 are 
spectrally compatible during at least the data phase of each communication session 
associated with the transceiver 58. 

[0075] It should be noted that estimating the distance of the data path between an 

intermediate terminal transceiver 28 and its corresponding customer transceiver 28 
and/or calculating the distance "C" are not necessary features of the present invention. 
In this regard, the transceiver manager 66 of an intermediate terminal transceiver 58 
may be configured to adjust the transmission power level of the transceiver 58 based 
on the distances "A" and "B." 
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[0076] As an example, referring to FIG. 8, each curve represents the minimum power 

back-off for ensuring spectral compatibility for different values of "C." If desired, a 
single point of a curve maybe utilized for all possible values of "C." As an example, 
the maximum value of a curve depicted by FIG. 8 may be utilized for all values of 
"C." Thus, it is not necessary for the actual distance "C" to be determined. In such an 
embodiment, each distance "B" is associated, via the transmission power data 74, with 
a single minimum power back-off value. 

[0077] Moreover, after determining the actual distance "B" from the transceiver 

distance data 76, the transceiver manager 66 may be configured to retrieve the 
associated minimum power back-off value and utilize this value according to the 
techniques described hereinabove in order to adjust the transmission power level of its 
transceiver 58. Note that interpolation may be performed if the actual distance "B" 
does not precisely correspond to one of the entries of the transmission power data 74. 

[0078] In addition, utilization of curve maximums, as described above, ensures that 

spectral compatibility is achieved regardless of the actual distance "C." However, for 
some distances "C," spectral compatibility may be achieved with lower power back- 
off values. In such embodiments, utilization of the maximum power back-off value 
results in a transmission power level for the intermediate terminal transceiver 58 that 
is lower than what is required to achieve spectral compatibility. Thus, if desired, 
each distance "B" may be associated with a power back-off value that is lower than 
the maximum. However, in such embodiments, spectral compatibility for all possible 
distances "C" may not be ensured. 

[0079] Furthermore, similar techniques may be employed in embodiments where 

maximum spectrally compatible power values are utilized in lieu of minimum power 
back-off values. In this regard, rather than defining multiple maximum spectrally 
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compatible power values for each different value of "B," the power transmission data 
74 may define a single maximum spectrally compatible power value for each different 
value of "B." Thus, it is not necessary to determine the distance "C." In such an 
embodiment, spectral compatibility may be ensured by selecting the lowest power 
value that achieves spectral compatibility for all possible distances "C." 

[0080] It should be noted that it is possible to approximate the curves defined by the 

maximum spectrally compatible power values or power back-off values described 
above in order to reduce that amount of data necessary to define the power 
transmission data 74. For example, it may be possible to generate equations defining 
the curves depicted by FIG. 8, and such equations may be stored as the transmission 
power data 74. In such an example, it is not necessary to store the data point values of 
the curves depicted by FIG. 8. Instead, equations representing the curves of FIG. 8 
may be stored, and the transceiver manager 66 may be configured to calculate the 
appropriate minimum power back-off value by evaluating the appropriate equation 
{i.e., the equation representing the curve associated with the distance "B+C"). 

[0081] To facilitate the process of determining suitable equations for the power back- 

off values and/or for maximum spectrally compatible power values, it may be 
desirable to change the axes used to represent such values. As an example, FIG. 8 
depicts curves representing the minimum power back-off values for different 
distances "B+C" where each of the curves corresponds to a different "B" value. 
However, if the representation of the graph is changed such that the horizontal axis 
represents "B" and each curve corresponds to a different "B+C" value, then different 
shaped curves for the graph are generated. In this regard, by changing the axes, as 
described above, the graph depicted by FIG. 8 may be transformed into the graph 
depicted by FIG. 10. As can be seen by comparing FIGS. 8 and 10, the curves of FIG. 
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10 appear more linear, and it, therefore, may be easier to generate or approximate 
equations defining the linearized curves of FIG. 10. 

[0082] It should be further noted that the present invention has been described above 

as adjusting the transmission power levels of intermediate terminal transceivers 58 in 
order to ensure that crosstalk induced by the intermediate terminal transceivers 58 
does not cause the signal-to-noise ratios of the signals transmitted by central office 
transceivers 25 to fall below specified levels. However, the aforedescribed techniques 
for adjusting the transmission power levels may employed for transceivers installed at 
locations other than an intermediate terminal. 

[0083] It should be further emphasized that the above-described embodiments of the 

present invention, particularly, any "preferred" embodiments, are merely possible 
examples of implementations, merely set forth for a clear understanding of the 
principles of the invention. Many variations and modifications may be made to the 
above-described embodiments of the invention without departing substantially from 
the spirit and principles of the invention. All such modifications and variations are 
intended to be included herein within the scope of this disclosure and the present 
invention and protected by the following claims. 
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